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1 
Thls invention relates to new amides of 
3,3' - earboxymethylenebis(4 - hydroxycoumarin) 
whieh are useful as anti-coagulaats. 
This application is a continuation-in-part of 
my applieation Serial No. 103,318, led Ju]y 6, 5 
1949, now abandoned. 
U. S. Patent No. 2,345,635 refers fo application 
Serial No. 414,688 which describes the compound 
3,3'-methylenebis (4-hydroxycoumarin) as an 
anti-coagulant suitable for administration fo I0 
man. If is synthesized by condensing 4-hydroxy- 
coumarin with formaldehyde. As explained in 
said patent, the compound 3,3'-methylenebis 
(4-hydroxycoumarin) exists in the enol and keto 
forms as is iudicated by the fol]owing formula: 15 
OH HO 
/ c=o H 0=C II   20 
"%Ao/ ..... ço//" 
3,3P-methyIenebis (4-hydroxycoumarin) 
0 0 
3,3P-methlenebis (2,4-diketc-chroman) 30 
The said patent also describes esters of the enol 
form made by reacting the compound with an- 
hydrides or acid halides. 
The compound 3,3'-methylenebis (4-hydroxy- 35 
coumarin) is well known under the trade naine 
"Dicoumarol," and has been investigated exten- 
sively. If is an anti-coagulant for oral use, but 
has two important disadvantages. The first is 
that the onset of the änti-coagulant action is 40 
delayed aïter oral administration usuaHy for 
some 12 fo 48 hours. This delay is undesirable 
in conditions requiring immediate effective treat- 
ment. The second disadvantage is the persistent 
and protracted anti-coagulant effect in the body 45 
after withholding administration of the drug. In 
many cases dangerously low prothrombin levels 
persist fo such an extent as fo require special 
measures such as blood transïusion or high dos- 
ages oï vitamin K fo restore the prothrombin 50 
level to normal in order fo avoid the danger of 
hemorrhage after the therapy has been accom- 
plished. 
The esters of the 3,3'-methylenebis (4-hy- 
droxycoumarin), according to said patent. No. 55 

2 
2,345,635, prolong the action for a greater period 
of rime. The patent also recognizes that ex- 
cessive amounts of the esters may produce hem- 
orrhage. The esters are indicated as having the 
same general anti-coagulant properties as 3,3'- 
methylenebis (4-hydroxycoumarin), namely pro- 
phylaxis and treatment in blood circulatory and 
vascular disturbances, includini thrombosis, 
embolism, phlebitis, Buerger's disease, etc. 
We have round that the amides of 3,3'-car- 
boxymethylenebis (4-hydroxycoumarin) do not 
possess the disadvantages of 3,3'-methylenebis 
(4-hydroxycoumarin) or the slower acting esters 
thereof. More particularly, said amides accom- 
plish a rapid lowering of prothrombin fo any 
desired level, depending upon the dosage admin- 
istered. While the reason for this bas hot been 
established, if appears likely that the amides may 
be more rapidly absorbed. Thus the onset of the 
action is very rapid after administration of the 
amides. The amides also have a less protracted 
effect and are accompanied by a rapid normali- 
zation of the prothrombin Ievel when the drug 
is withheld, thereby minimizini dangers due fo 
hemorrhage. Whfle the exact reason for this ad- 
vantage also is not known, if appears likely that 
this may be due to quicker elimination of the 
amides from the bloodstream. 
The novel compounds of my invention have 
the following general formula, where 1 and 1' 
are hydrogen or a hydrocarbon radical prefera- 
bly having hot more than 5 carbon atoms, such 
as ethyl, propylenc, butyl, amyl, etc. 

These may exist in the enol or keto form and 
reference fo the latter is intended to include 
either form alone or in equilibrium. 
The amides may be made in accordance with 
the invention by reacting an ester of 3»3'-car- 
boxymethylenebis (4-hydroxycoumarin) with an 
ammoniacal compound, i.e., ammonia or an 
amine as described hereinafter. Alternatively, 
the amides may be prepared by reacting a lac- 
tone of 3,3'-carboxymethylenebis (4-hydroxy- 
coumarin) with the ammoniacal compound as 
described in copending application, Serial No. 
142,936, filed February 7, 1950, and also described 
more particularly hereinafter. 
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Example I 
As described in said copending application, the 
lactone oï 3,3'-carboxymethylenebis (4-hydroxy- 
coumarin) may be made by reacting the above 
carboxy c0mpound with a dehydrating agent 
such as-an acid halide or an acid anhdride. 
In accordance with an fllustrative embodi- 
ment, 4.2 grams oï 3,3'-carboxymethylenebis (4- 
hydroxycoumarin) was added fo and disso!ved 
in 40 cc. oï thionyl chloride (SOChL The 3,3'= 
carboxymethylenebis (4 - h:droxycou.marin). 
soluble in the thionyl chloride, and an excess 
the latter can be used as a rection medium as 
well as a reaction component. The mixture was: 
heated and refluxed for eight minutes following 
which the solution was cooled nd/a cçys_ta!lï.De 
solid was filtered ïrom the solution and washed 
with benzene. The yield was 4 grarns o a.. erYs 
talline solid having a melting point at 302 ° C. It 
is. insoluble in most ogani« solerts» The; re 
action is thQught to proced aS ïl!ews: 
OH OH 
0 C C00H C 
C=O H O=E I1: 1 
No/ 
OC=O 0H 
o#= °  .o=.¢x/ç.+ 
2. a a!temmtiv¢mepd o preparing tha 
lactone, a mixture. f: 0:2 ..... grains of a,3':caboxy-. . .. 
mehylenebs (4=hyoxycoamain). and 
glacial acetic, acïd was heate.d fo reflux; 01' ce. 
of acetic aFide waS added-t o the solaio 
and the hea$ig Was còntinued for rive minutes. 
The hot mtue as fiil:ed.:and thepeciptate 
was washed wit. ethanoL Th¢ ield 
grain, M. P..305  with decompositïon. 
In preparinK the s.mp!e amide in açcmanc 
with my invention, 1-.8 gams of the lcne 
pared as described above 4sig. thionyl chlotde) 
was ssolved in 10 cc. of Concentrated (28%) 
aqueous ammonia. The oluion was peçmjtted 
to stand  0[om temperatr« for about: 0e h0ur 
followmg Which: the product was recipiute 
acilng vith lueuuri cd:-. 
washed with water and dried. The Yield of the 
crude material was !.8 gras hang a melting 
point of 205 to 210  C. with decomposition. ter 
recrystallization from acetone, the product 
wehed 1.5 rams ad h a melg point 
210 fo 215  C. with decompesition.. It  thought 
to have the. fol-lowing forma: 
0H 0H 
This amide may be comred, with 3,3'-methr 
ylenbis (-hydroxycoumar)_ Th latter com- 
pound, accordg fo Patent o. 2,35,635, and it 
manufacturer der the naine "Dicoumaroi," de- 
creases the prtombin concentration of the 
blo0d, The c0mpod is intended for th pre- 
phylax and tretme o ravascutar clqtng; 
in postoperative, post=traumtic, ad postinec- 
flous 

4 
acute embolic or thrombotic occlusion of periph- 
eral arteries; recurrent idiopathic thrombophle 
bitis. If retards intravascular clotting and prop- 
agation of the thrombus but has hot been shown 
5 to resolve formed thrombi or to increase the 
blood supply, to inïarcted areas. After a latent 
period oZ from 2 fo 8 hours, the prothrombin 
rime slowly increases to a maximum in 3 fo 5 
days and remains increased from 2 to 10 days 
10 aïter the cessation oï therapy. 
Thes pop.ertkes. Of 3,3'-methylenebis (4-hy- 
droxycoumarin) are pointed out in Patent No. 
2;482,5:i0., ànd-are: included in the warnings of 
tlie-mnuactuer. It will be seen, therefore, 
15 that the cempeund has two important disadvan- 
rages. The. fiirst is the delayed onset (1 fo 2 
_ day.s of-tlë anti-coagulant action, and the long 
rime necess.ry fo reach the maximum effect 
fo  days). This delay, is undesirable in condi- 
20 tions requiring immediate effective treatment. 
The second disadvantage, is the persistent and 
protracted nticoagulant effeqt_ in.the body af ter 
discontinuing the administration of the drug (2 
fo 10 da:s).. For this reason, strict precautions 
25 are to be taken in. order fo a.v.oid e_vee and dan- 
gerous action. The effects, ar. cumulative and 
oer-dosage may causa sere, hm0rrhage. In 
manF cases dangerou pr_athrombin levels persist 
aftez use: eï 3_,3'-methylenebis-(4-hydroxycou- 
30 marin), fo. suh an extent fol!owing, admiñistra- 
tion o the drug as, to. reqlire blood, transfusions 
oz high. dosages of vi, tmin K to. restore, the pro- 
thrombin level fo no.rma!  f-ter- the therapy has 
been accomllished. 
35 - Th.e. m.ides- do net pessess- the. disadvantages 
of the 3,3'-methylenebis-(4-hydroxycoumarin). 
In contrast with the slow onset, the long rime fo 
reach the maximum effect and persistent after 
effects, the amides accomplish a more rapïd de- 
40 crease of the prothrombin concentration of the 
blood apparen]V due te a moreapid absorption. 
Thus, the onset of the action is very rapid after 
the administration of the amides. Fartheçmore,. 
the latter have a less protracted effect and are 
45 accompanied by a rapid return of the prothrombin 
level fo normal whén he administration of the 
drug is discontinued,, apparent]y due to a quicker 
elimination of the. cmpound. A comparison of 
the amide described i n Example II with 3,3'- 
50 méthylenebis-(4-hydroxFcoumarin) is shown in 
the fòllowing table 
Amid of 3,3 '-cr.bxr 3-mehy_lenebis - (4- 
Action "ymëthylenebis-(4 
hydroxycolmkU): hydrox¢oumarin) 
0nse.ofaotion.- ..... _.. 6. huroE in most: :24 fo 48 houm 
case.s, neer 
than9 hoürs. " 
oEaximtlm. action_ kS:hoilrs .............. 8:o 5 days. 
(peak). 
Returntolnltial'value_ 3 hours after ad- 2 to 10 days after 
1 js.t.tiq,. dmi_nistr aior, 
ExamPle. I.I 
The eh amide o£ 3,3f-car.L0xnethFlenebis- 
 (4-hYdroxcoUmarir, haing the iormula: 
o- H--N:-C H 0 
. C C=O C 
 \ i , - / \ 

was prepared ïrom 3,_3'-crboxymethylenebis 
('4-hydroxycoumain-) which ear be made by the 
thrombophlebitis-; pulmonäi'Y- embolism;-  condensation:of4-hydroycoumarïnandglyoxylic 
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acid (OHC--COOH) in a manner analogous 
to the condensation of 3,3'-methylenebis (4-hy- 
droxycoumarin) with formaldehyde. The 3,3'- 
carboxymethylenebis (4 - hydroxycoumarin) is 
converted to ifs ester by reaction with an alcohol 
and by refluxing for 6-10 hours with a 5% an- 
hydrous alcoholic solution of HC]. The alcohol 
is then disti]]ed off and the residue crysta]]ized 
from acetone. 
The ester is then converted to the correspond- 
ing ethyl amide fol]owing the customary pro- 
cedures for conversion with ethyl amine as 
fol]ows: 
One part of the ethyl ester is refluxed for 8 
hours with 5 parts of a 70% solution of ethyl 
amine. The solution is acidifled to a pli of 3-4 
and the precipitate is filtered off. This precipi- 
rate is then recrysta]]ized from acetone. 
The ethy] amide of 3,3'-carboxymethylenebis 
(4-hydroxycoumarin) is a white crysta]line so]id. 
When the so]id is fine]y ground it melts at 203 
to 204 ° C. with decomposition. It bas been ob- 
served that when a me]ting point is taken of the 
crysta]]ine material before grinding, it me]ts as 
high as 215 to 216 ° C. with decomposition. It is 
soluble in sodium carbonate and bases of the 
saine or greater strength, insoluble in dflute 
minera] acids and insoluble in water. If Is in- 
tended for oral administration, and for this rea- 
son may be compounded in tablets. 
Controlled experirnents bave shown that when 
administering similar amounts of the ethy] amide 
above described and the 3,3'-methy]enebis (4-hy- 
droxycoumarin), the return of the prothrombin 
rime to normal is quicker in cases treated with 
the said ethyl amide than in those treated with 
the 3,3' - methylenebis (4 - hydroxycoumarin). 
This is shown in the following table: 

6 
with 3,3'-methylenebis- (4-hydroxycoumarin) 
shown in the foBowlng table: 

10 

Buty]amide of 3,3'- 
Action carboxymethy]enebis- 3,3'-methy]enebis- 
(4-hydroxycoumarin) (4-hydroxycoumarin) 

Onset of action ........ 
hïaximum action 
(peak). 
Return to initial value. 

6 hours in al] cases_ _ 
9 to 15 hoursin a ma- 
jority of cases. 
24 hours in a major- 
ity of cases, 36 
hours in al] cases 
after administra- 
tion. 

24 to 48 hours. 
3 fo 5 days. 
2 fo 10 days after 
administration. 

Example IV 
15 
The diethylamide of 3,3'-carboxymethylenebis 
(4-hydroxycoumarin) was prepared by dissolving 
2 grains of the lactone (made with acetic anhy- 
dride in accordance with Example I) in a solu- 
2O tion of 5 cc. of diethylamine and 5 cc. of water. 
After standing at room temperature for one hour 
the product was precipitated with an excess of 
hydrochloric acid and washed with water. The 
compound was then dried af room temperature 
25 and recrystallized from acetone. The yield was 
1.4 grains having a melting point of 148 ° with 
decomposition. 
A comparison of the action of thls diethyl- 
amide with 3,3'-methylenebis-(4-hydroxycouma- 
ao rin) is shown in the ollowing table: 

Action 

35 Onset of action ........ 
hïaximum action 
R (peak). 
eturn to initial value_ 

Diethylamide of 3,3'- 
carboxymethy]enebis. 
(4-hydroxycoumarin 

6 hours .............. 
9 fo 15 hours ........ 
36 hours af ter admin- 
istration. 

3,3':methFlenebis- 
(4-hydroxycomnarin) 

24 fo 48 hours. 
3fo 5 days. 
2 fo 10 days after 
administration. 

thy] amide of 3,3'-car- 
boxymethy]enebis (4- 
hydroxycoumarin) 
3'-methy]enebis (4-hy- 
droxycoumarin) 

Percent Normal Prothrombin Time-- 
24 hours 48 hours 72 hours 96 hours 
Per een .Per cent Per cent Per cent 
20 60 90 95 
40 10 5 5 

Thus it wfll be seen from a consideration of the 
first column at 24 hours, the saine amount of 
said ethyl amide has reduced the prothombin 
level to a greater extent, and from the other 
umns that the effect wears off much more rapid]y. 
Other amides may be ruade ïol]owing the same 
general procedure and using ammonia or the 
corresponding amine. For example, other 
amides may be prepared by reacting ammonia, 
butyl amine, amyl amine, diethyl amine, etc., 
with the ethyl ester or other esters as the start- 
ing material. 
Example III 
The butylamide of 3,3'-carboxymethylenebis 
(4-hydroxycoumarin) was prepared by dissolving 
5 grains of the lactone (made with thionyl chlo- 
ride in accordance with Example I) in a solu- 
tion of 25 cc. of butyl amine and 25 cc. of water, 
and permitted to stand af room temperature. 
An excess of hydrochloric acid was then added, 
and the oily precipitate crystallized on standing. 
The precipitate was filtered, washed with water, 
dried at room temperature and recrystallized 
from acetone. The yield was 4.45 grains hav- 
ing a melting point of 202 ° C. with decomposi- 
tion. 
A comparison of the action of this butylamide 

40 Other amides may be prepared in accordance 
with my invention as indicated generally here- 
in, and have the same uses as 3,3'-methylenebis- 
(4-hydroxycoumarin), but with the advantages 
of quicker onset of the effect and a less protrac- 
45 rive action as explained herein. 
I claire: 
1. Amides of 3,3'-carboxymethylenebis (4-hy- 
droxycoumarin) of the ollowing general for- 
mula: 
50 0 R'--N--R 0 
  =o   
 /\o / 
where R and 1' are selected from the group con= 
sisting of hydrogen and alkyI and alkylene radi- 
cals having not over 5 carbon atoms. 
2. An amide of 3,3'-carboxymethylenebis(4-hy- 
60 droxycoumarin) of the following formula: 
O H--N--H O 
 $=o $ 
oo ç12_-o 
3. An amide of 3,3'-carboxymethylenebis (4- 
hydroxycoumarin) of the foBowing formula: 
0 0 tt--N--C H 0 
 $=o  
JY \o-;--o Y5 

7 



7 

601308 

8 

 4. An, amidç of. 3,3'c.a,,r, bçxyrethlenebs 
hydrö;cumrin) Q-th,e:[0t!0wi!g ormua,_: 
o CHsCH« 0 
 O O=0, C 
I I 
o  
5. . aide o ï 3,3'carboxymethylenebis (4- 10 
hydroxycoumarin) 0[ the ïoowing ïormula: 
o HN--C'H 0 
 0 C0 O  
o/ o/V 
6. The method oï mung- te compoun oï 20 
claire- ! m wich  es , croxymemyl- ' 
eaebis (4-hd[xcri,) is reucted ith an 
monicl cçmpun, selectd Io the grup 
haviag, n0t over 5 ¢bon toms. 5 
7. The method o£ making th ¢ompound ol 
claire 2 i which the ethyl ester oï 

methleneb  (%,hydoxyco_umarin) la reacd 
wih 
s. e metçd of makg the ¢0mPound of 
¢laim/S n whhth ethl este of 3,3'-carboxy- 
mtyleni S (4:hydçcouman) is reaçtd 
with thy.1 amine. 
9. The method: oï making th compound of 
clai_m 4 i. wi¢h, th ethy!, ester of 3,3'-carbo- 
methylenebis (4-hydroxycouman) is reacted 
ith ethyl ne. 
10. The. mthod of making the cmpound, of 
c!aim 5 in hich thé. ethy! ester qf 3,3'-cab0xy- 
methylenebis (4-hyoxycoumarin) is reacted 
wih: buyl. 
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